Introduction
Animals are unable to verbally convey their emotions to human caregivers, which makes the measurement of pain difficult (Reid et al., 2013) . Therefore, behavior-based scales are used to quantify pain levels in animals, assisting the administration of the correct dosage of analgesic drugs and informing decisions on humane end points (Ashley et al., 2005) . Consequently, it is vital that these scales are both sensitive and valid, to reduce the welfare implications that could occur through the incorrect assessment of pain (Rutherford, 2002) . However, "personality"ddefined as individual differences in behavior that are stable over time and across contexts (Koolhaas et al., 1999) dmay confound assessment of rating scales. For example, human subjects scoring more highly for "extraversion" express their experiences of pain more clearly (Harkins et al., 1989) , although they may experience pain less intensively (Ramírez-Maestre et al., 2004; Soriano et al., 2012) . "Extraversion" is characterized by traits such as energetic behavior, assertiveness, and the tendency to seek stimulation (Costa and McCrae, 1985) . Furthermore, highly neurotic people have a higher emotional stress response to pain when compared to those who have a low score for neuroticism (Goubert et al., 2004; Koenig et al., 2015) . "Neuroticism" is associated with the tendency to experience unpleasant emotions easily and a low degree of emotional stability (Costa and McCrae, 1985) .
The association between personality and pain response has recently been investigated in animals in a clinical setting (Ijichi et al., 2014) . This study provides preliminary evidence that extraversion correlates with behavioral expressions of pain in horses, while "neuroticism" is associated with reduced tolerance to pain. However, it is not known whether personality affects the emotional experience of pain, as well as its behavioral expression in animals, as it does in humans (e.g., Asghari & Nicholas 2006) . Furthermore, this study used a variety of naturally occurring tissue damage, making comparison across individuals more complex. In addition, it is not known whether the link between personality and pain is a species-specific phenomenon or whether it is seen in other nonhuman mammals.
In dogs, personality and pain can be measured using validated questionnaires. The Monash Canine Personality Questionnairee Revised (MCPQ-R) has been validated as having good interrater and test-retest reliability for 5 factors which include "extraversion" and "neuroticism" (Ley et al., 2009b) . On this scale, extravert dogs are typically active, excitable, and restless, whereas neurotic dogs are characterized as fearful, submissive, and timid. Canine pain can be measured using the Short-Form Glasgow Composite Measure Pain Scale (CMPS-SF) (Reid et al., 2007) as it has been shown to be both more sensitive and have less interobserver variability when compared to other tests (Guillot et al., 2011) . It is designed as a clinical tool for dogs in acute pain and uses 30 descriptors within 6 categories to inform decisions about pain management (Reid et al., 2007) .
The current investigation aims to investigate whether personality affects emotional and behavioral response to pain in dogs in a clinical setting. Castration was selected as it is a common routine procedure that causes moderate postoperative pain (Wagner et al., 2008) and is often conducted on healthy, young animals. In addition, the ability of owners to predict their dogs' response to pain was measured as horse owners' ratings have been shown to have high predictive accuracy (Ijichi et al., 2014) . Canine "extraversion" and "neuroticism" was measured using the MCPQ-R (Ley et al., 2009a ) and compared with pain behavior using the CMPS-SF (Reid et al., 2007) . Emotional response to pain was measured using infrared thermography (IRT) as core temperature increases with arousal (Stewart et al., 2005; Travain et al., 2015) and decreases with pain in cattle (Stewart et al., 2008) . Tympanic differences in temperature relate to lateralized cerebral blood flow (Riemer et al., 2016) , reflecting emotional valence. Therefore, discrepancy between the right and left eye was explored as this may indicate lateralized cerebral blood flow.
Based on human and equine research, it was hypothesized that (1) extraversion will correlate positively with behavioral indicators of pain and may correlate with changes in physiology; (2) neuroticism will correlate negatively with owners' ratings of the subject's tolerance and positively with emotional response to pain; and (3) owners' tolerance ratings will correlate negatively with behavioral indicators of pain and emotional response. In addition, the association between behavioral and emotional response to castration will be investigated to determine if behavior is an accurate indicator of the emotional state of subjects.
Materials and methods
Subjects were assessed between 24th October, 2016 and 17th January, 2017 at 2 veterinary surgeries based in Gloucester and Surrey (UK). Subjects were admitted and treated as per standard protocol for each veterinary practice. Patients were premedicated with acepromazine and subcutaneous buprenorphine. General anesthesia was induced by intravenous propofol and maintained using inhaled isoflurane. Subjects were observed while pain was caused by a routine, voluntary procedure conducted in normal veterinary practices. This procedure would cause dogs' moderate pain regardless if the dogs were part of this study, allowing for an ethical means of testing the aims of this study, as additional pain infliction is not needed. Where the subject's medical needs conflicted with those of the study, medical needs were prioritized and the subject withdrawn from data analysis.
Twenty dogs of mixed breed were assessed as limiting subjects to a single breed would reduce personality variance to an unacceptable degree, as personality may differ between breeds (Starling et al., 2013) . The age of subjects could not be specified as the sample included rehomed dogs without clear histories. To reduce confounding effects, subjects were not included in the study if they had preexisting conditions that might cause pain; underwent any additional treatment; required a different anesthetic drug; or had recently been administered pain relieving medicine for a separate condition.
Of 20 original subjects, 3 dogs were excluded. One dog received a different anesthetic drug and 1 slept throughout the study, preventing ocular temperatures and behavioral pain scores from being measured. An additional dog was excluded because of the subject being paired with another dog, which was likely to confound results. Two dogs were removed from part of the study as tissue damage and analgesic drug dosage were not controlled. One of these dogs was administered a lower dose of the preoperative drugs because of their older age. The other subject had juvenile teeth and 2 dewclaws were removed, which was elected during the castration operation. Data from these dogs were used only when assessing whether eye temperatures correlate with behavioral pain scores as different treatment would not affect within-individual correlations.
Personality and owners' ratings
On admission, owners were informed of the nature and purpose of the study, and written consent to use their dog was obtained. Subsequently, owners were asked to complete the MCPQ-R (Ley et al., 2009a) . This ensured that owners were blind to the subject's postoperative pain response when they completed the questionnaire. "Extraversion" and "neuroticism" were the only personality factors used for further analysis as these relate to the hypothesis of the study, based on previous literature. An additional 5-point Likert scale was added to the MCPQ-R to assess the owner's rating of subject's tolerance to pain (Ijichi et al., 2014) . This score will be referred to as "tolerance."
Pain scores
Behavioral expression of pain was assessed using the CMPS-SF (Reid et al., 2007) . Section B (analysis of mobility) and section C (pain on palpitation of wound) of the CMPS-SF were deemed unethical for the purposes of this study, potentially causing dogs unnecessary pain and stress, and so were omitted from the present study's procedure.
After extubation, veterinary nurses were asked to orientate the subjects' face toward the video camera during recovery. This allowed for easier observations of the dogs' behavior without disturbing the subject during recovery. Scoring was conducted retrospectively from 3-minute video recordings of the subjects taken using a Canon 60D (Canon UK Ltd, Woodhatch, Reigate Surrey) with a Canon 28-105 mm EF-S lens, to reduce the effect of observer presence. The first minute was disregarded because of the influence the observer may have had while entering the room. Pain scores were taken 15 minutes after extubation and every 30 minutes thereafter, totaling a maximum of 12 recordings of 2 minutes per dog, dependent on how long the subject remained in recovery. These timings were recommended and used by previous studies looking at postoperative pain in dogs (e.g., Wagner et al., 2008) . The scoring observer (J.L.) was blind to subject's personality scores at the time of scoring. For each subject, the peak pain score recorded from the first 4 recordings was used for analysis of individual differences and referred to as peak pain score. Four recordings were used because dogs remained in the recovery kennel for different amounts of time but all subjects were present during at least the first 4 time periods. Recordings of behavior between the 5th and 12th observations were discarded for comparison across individuals. These readings were used to explore how pain changed over time.
Infrared thermography
Eye temperature readings were taken with an infrared camera (FLIR [FLIR Systems, Inc., Belgium] One for android). A mobile device was used as it is considerably smaller than handheld devices with a similar specification, which have been shown to cause stress in canine subjects (Travain et al., 2015) . Images were taken from a distance of 0.5-1.0 m and an angle of 90 from each eye (Stewart et al., 2007) , calibrating the camera after each photo was taken. A control measurement was taken 15 minutes after the dogs were placed into the recovery cage before surgery or the administration of medication to measure the stress caused by being in a veterinary practice, as opposed to that caused by pain. This measure will be referred to as control temperature. During recovery, images were taken immediately after video recording was stopped (15 minutes after extubation and every 30 minutes thereafter) for each behavior assessment time point. This was to prevent IRT recording altering the subject's behavior and confounding CMPS-SF behavioral results.
Temperatures were analyzed retrospectively using the FLIR One app by identifying the palpebral fissure, including the lacrimal caruncle, and taking the maximum temperature from this area (Yarnell et al., 2013) . This reduced the stress-inducing effects of prolonged IRT measurement required to take accurate readings of such a small area (Travain et al., 2015) . The observer (J.L.) was blind to personality scores at the time of taking and assessing IRT images.
The mean for both eyes at each time point was calculated to indicate core temperature. Core temperature at each time point was subtracted from control temperature, separating the stressinducing effects of being in a veterinary practice from paininduced stress after castration. This gave a score for how much core temperature had changed at each time point and whether it had increased or decreased. This is referred to as temperature change from control.
Only recordings from the first 4 time periods were used for analysis of individual differences, as per pain scoring. The maximum increase from control temperature was used for analysis of individual differences as previous research used peak temperature (Stewart et al., 2008) and is referred to as peak temperature increase. The discrepancy between eyes was calculated by subtracting the left eye temperature from the right to indicate the extent of right hemispheric dominance. This is referred to as eye temperature discrepancy. A positive score indicates that the right eye was hotter, and a negative score indicates the left was hotter. The greatest discrepancy recorded from the 4 measurements was used for analysis of individual differences and is referred to as peak discrepancy.
Analysis
Analysis was conducted using "R" (R Development Core Team, 2017) and IBM SPSS Statistics (IBM Software Group, Chicago) 23. Shapiro-Wilk tests were used to test for normality of variables and residuals for tests of difference (Field, 2009 ). Paired t-tests were used to analyze for differences in core temperature between the control measurement and each observation after castration. Paired t-test and Wilcoxon signed-rank tests were used, as appropriate for normality, to analyze whether eye temperature discrepancy was significantly different between control and postcastration readings. Shapiro-Wilk tests were used to determine the normality of variables. Where each variable was normally distributed, a Levene test (Fox and Wiesberg, 2011 ) assessed the homogeneity of variance on paired variables (Field, 2009) . To determine whether behavior correlated with emotional response, pain scores were compared with matched temperature change from control and eye temperature discrepancy, using Pearson or Spearman rank correlations as appropriate for normality and homoscedasticity. Relationships between personality factors and peak pain score, peak discrepancy, and peak temperature increase were explored using Pearson or Spearman rank correlations, as appropriate. Correlations were stated as weak where the coefficient was less than AE0.1, moderate for AE0.3, and strong for AE0.5 (Field, 2009) .
Results

Postcastration behavior and changes in physiology
Paired t-tests indicated significant differences in core temperature from control in observations 1, 2, 3, 5, 6, and 7 (Table 1; Figure 1 ). Paired t-tests and Wilcoxon signed-rank tests did not detect significant differences from control for eye temperature discrepancy ( Table 2 ). The change in pain scores across observations can be seen in Figure 2 .
Relationship between behavioral and physiological responses to pain
Spearman's correlation revealed that pain score did not have an association with eye temperature discrepancy (r s ¼ À0.091,
Personality and response to pain "Extraversion" had a strong positive correlation with peak pain score (Spearman: r s ¼ 0.558, n ¼ 15, P ¼ 0.031). Control temperature did not correlate with "extraversion" (Pearson: r s ¼ À0.390, n ¼ 17, P ¼ 0.15). After surgery, "extraversion" had a moderate positive relationship with peak temperature increase, which can be seen through visual inspection (Figure 3 ). However, this was not statistically significant (Spearman: r s ¼ 0.438, n ¼ 15, P ¼ 0.101). "Extraversion" correlated strongly and positively with peak discrepancy after surgery (Pearson: r s ¼ 0.546, n ¼ 14, P ¼ 0.035; Figure 4 ).
Control temperature did not correlate with "neuroticism" (Pearson: r s ¼ À0.078, n ¼ 17, P ¼ 0.78). There was no significant correlation between "neuroticism" and peak discrepancy 
Owners' predictions
There was no significant correlation between tolerance and peak pain score (Spearman: r s ¼ 0.372, n ¼ 15, P ¼ 0.172), peak temperature increase (Spearman: r s ¼ 0.029, n ¼ 15, P ¼ 0.917), peak discrepancy (Spearman: r s ¼ 0.101, n ¼ 15, P ¼ 0.720), "extraversion" (Spearman: r s ¼ 0.431, n ¼ 15, P ¼ 0.109), or "neuroticism" (Spearman: r s ¼ À0.016, n ¼ 15, P ¼ 0.956).
Discussion
Accurate pain assessment is essential for animal welfare and vital for correct pain management (Rutherford, 2002) . Ijichi et al. (2014) provided preliminary evidence to suggest that behavioral indicators of pain in horses may not accurately indicate the level of damage sustained. Instead, this study found that the behavioral response to damage is associated with personality. This indicates that behavior-based pain assessment tools may not be accurate and the subsequent management of pain among animals may not be appropriate. The overestimation of pain could increase analgesic drug dosagedcausing adverse pharmaceutical effectsdor contribute to an unnecessary euthanasia (Ashley et al., 2005) . Underestimation could result in inadequate pain relief and subsequent suffering (Reid et al., 2007) . Both of these result in welfare implications, highlighting the need for accuracy in these assessment tools. In the present study, postoperative behavior was assessed after castration and compared with personality and core temperature. The results provide further evidence that there may be a relationship between personality and behavioral pain scores, as well as physiological measures.
The second observation after castration showed a peak in mean pain score across subjects of 3.13 out of a possible 15, and this steadily declined throughout the observation period. This indicates that, on average, adequate pain relief was administered and pain was successfully managed during recovery (Reid et al., 2007) . However, core temperature was significantly lower than control readings from the first observation, and this was still seen in observation 7, more than 3 hours after surgery. Lowered core Figure 1 . Core temperature changes from control after castration with significant changes (*P < 0.05, **P < 0.01, ***P < 0.001). CI ¼ confidence interval. temperature is associated with pain in cattle (Stewart et al., 2008) ; however, it may also have been influenced by general anesthetic and postcastration medication (Raffe et al., 1980) . Unlike the study by Stewart et al. (2008) , temperature did not rapidly increase after an initial drop. This result may be due to differences between the species, procedure, pain relief, or context between the 2 studies and requires further investigation. The discrepancy in temperature between the left and right eye did not change significantly from control in any observation after castration, and this may indicate that eye temperature discrepancy does not reflect response to pain as originally suggested. This finding supports those of Riemer et al. (2016) , which did not indicate a lateralized cerebral blood flow as a result of separation anxiety. Interestingly, there was a noticeable individual variation in both behavioral and physiological responses to pain triggered by the same procedure. Furthermore, behavioral indicators did not correlate with physiological responses. Yarnell et al. (2013) also found that ocular temperatures and behavioral measures of stress also did not correlate in horses when exposed to a stressor. Taken together, this indicates behavior may not accurately indicate when an animal was experiencing poor welfare and that individuals respond differently to the same procedure, supporting previous findings in horses (Ijichi et al., 2014) . Subjects scoring more highly for "extraversion" had higher peak pain scores, despite experiencing relatively standardized tissue damage. This indicates that behavioral response may differ between subjects due to specific personality factors. This supports Ijichi et al. (2014) in their finding that extravert animals score more highly for behavioral expression of pain, regardless of the severity of their injury. In the 2014 study, tissue damage was not standardized for severity and constituted both skeletal and soft-tissue damage. The present study attempted to correct control for this variation by using pain caused by 1 standardized procedure under more controlled conditions. The relationship between peak pain score and "extraversion" suggests that more introvert subjects are less likely to exhibit pain-related behaviors. Intriguingly, human introverts are less physically active and less likely to adopt active coping responses (Soriano Pastor et al., 2010) , a behavioral pattern similar to that seen here and supported by evidence that "extraversion" may be associated with passive strategies with less apparent behavior indicators of stress (Ijichi et al., 2013) . It is therefore important to investigate whether more introvert animals express fewer behavioral indicators of pain because they have a lower emotional response to pain or because they experience pain to the same degree as extraverts but have inhibited expression, as is the case in human subjects (Harkins et al., 1989) .
To investigate whether personality may be associated with differing emotional responses to pain, core temperature was measured using IRT (Stewart et al., 2008) . A moderate positive correlation between extraversion and peak temperature increase was noted in the present study (Figure 3) . However, this was not statistically significant, possibly due to the modest sample here. Therefore, the relationship between "extroversion" and core temperature should be investigated further. This relationship was not observed before surgery, which may mean that personality correlates with core temperature under painful conditions. It appears that subjects scoring more highly for "extraversion" had an increase in core temperature, whereas those with a low score for "extraversion" had a decrease in temperature. If arousal results in an increase (dogs: Travain et al., 2015) , and pain results in a decrease (cattle: Stewart et al., 2008) in temperature, this may suggest that more extravert individuals have increased arousal in response to the same tissue damage while introvert individuals experience pain-induced depression of core temperature. In human studies, more introvert people have stronger emotional responses to injury (Paine et al., 2009) and have reduced quality of life associated with poor coping mechanisms (Soriano Pastor et al., 2010) . However, different species may have differing core temperature responses to pain. Further research will be needed to confirm or reject this novel finding using veterinary practices with larger caseloads of castration.
It is possible that differences in core temperature are the result of variation in hypothermic response to medication. However, it was also observed that the personality "extraversion" was associated with discrepancy in eye temperature, which might suggest hemispheric dominance. For peak discrepancy readings, more extravert individuals displayed higher temperatures in the right eye, whereas more introvert subjects displayed greater temperature in the left eye. If eye temperature reflects lateralized cerebral blood flow, this suggests that more extravert subjects had increased activity in the right hemisphere and more introvert subjects had increased activity in the left hemisphere. Although this subject is complex, there is evidence to suggest that the right hemisphere processes emotional responses (Borod et al., 1998) and is associated with the tendency to express emotions (Nestor and Safer, 1990) . This may explain the higher scores for behavioral expression of pain in these subjects. However, it is suggested that right hemispheric activity is an indicator of increased pain sensitivity and negative effect in humans (Pauli et al., 1999) . If this were the case, it would suggest that more extravert subjects expressed more pain due to increased sensitivity, in which case, behavioral indicators may provide valuable information on the affective state of subjects. Further validation of core temperature as an indicator of pain, and ocular temperature discrepancy as an indicator of lateralized cerebral blood flow, is required to interpret these findings. Heart rate variability (Rietmann et al., 2004) and salivary cortisol (Hekman et al., 2012 ) in a larger sample may clarify any valid relationship.
"Neuroticism" did not correlate with peak pain scores. This is not unexpected if this personality factor is more associated with the experience of pain, rather than its expression (Ijichi et al., 2014; Paine et al., 2009) . In the present study, neuroticism did not correlate with any measured physiological indicators, which suggests it was not associated with the subjective experience of pain. There are several reasons this may be the case. First, there are species-specific responses to pain (Anil et al., 2002) , which may affect behavior and emotional processing. Second, personality factors measured by different subjective questionnaires may be similar constructs but not identical due to either species or trait differences. So what is referred to as "neuroticism" by 1 assessment method may not be identical to that measured by another. The traits measured by the original equine questionnaire (Ijichi et al., 2013) are not species specific and may be appropriate for application to canine subjects. Further work on canine pain using this questionnaire could identify whether the differences seen here are the result of species-specific responses to pain or differences in the measurement of "neuroticism."
Owners' ratings of "tolerance" did not correlate with "neuroticism" or behavioral and physiological indicators of pain. Ijichi et al. (2014) found that horse owner's subjective opinion accurately predicted their horses objectively scored response to pain. Owner-rated "tolerance" also closely correlated with "neuroticism" in the previous study. The distinct uses of dogs and horses may have caused this unexpected difference in results. Horses are regularly worked or ridden, which may be negatively impacted upon if the animal is in pain. Typically, the animals are also of much higher financial, though not necessarily sentimental, value. Therefore, horse owners may be more attuned to behavioral indicators of pain. Function may be much less important with companion dogs, as they are mainly household pets, and therefore, the same attentiveness to pain might not exist. By contrast, dog owners have the benefit of increased contact time due to sharing their home with their pets, which should promote sensitivity to changes in behavior.
It was noted during collection that owners regularly commented on the difficulty of remembering the time their dog was in pain. Brown et al. (2013) showed that behavioral pain scales conducted by owners did not correlate with vertical force produced by arthritic dogs, suggesting that dog owners may not be good at detecting when their pet is in pain. Hielm-Björkman et al. (2011) discovered that owners were only accurate with pain scales when they were "self-trained." Once owners had seen the difference in their dogs' expression of pain after pain medication, they were able to recognize behaviors caused by pain. Taken together, this suggests that dog owners may not offer the same clinical opportunities in understanding individual differences in pain response, as compared to equine owners.
Conclusion
Our study provides preliminary evidence for individual variation in behavioral and physiological response to a moderately painful procedure. "Extraversion" was associated with differences in response to pain after castration as those scoring more highly for this factor presented with more prominent behavioral indicators of pain. The relationship between "extroversion" and emotional response to pain was more complex. More extrovert subjects had possible greater increases in core temperature and increased temperature in the right eye compared to the left eye. To understand the association between extraversion and emotional responses to pain, further physiological tests beyond the scope of the present study should be investigated. "Neuroticism" was not associated with behavioral or physiological response to pain. This contradicts the prediction of the present study that more neurotic subjects would show more pronounced changes in core temperature. Owners' ratings of "tolerance" were not associated with any indicator of pain, which suggests that limited value should be placed on using this information in assessing canine pain.
